NUMBER 11 


STATES DEPARTMENT OF COMMERCE 


\CHARLES SAWYER, Secretary 


.NOVEMBER 1948 


RaDiAé.10N Data: Page 
Solar Radiation Observations..................... 263 


ve 


Page 

289 

Asrological Observations. 247 | Charts 


For ag by the Superintendent of Documents, U.S, Government Printing Office, Washington 25, D.C. 
back of cover for prices 


: 
| 
4 
‘ater 
Gale 
— 
~ 
a 
| 
<4 
. 
j 
af 


© 
fi 
’ 


MonrTaLy WEATHER Review, September 1948, vol. 76, p. 191: 

Table 1: The heading for the first column should read < —30° 

Table 2: The heading for the last column should read ‘Per- 
cent with error <11° instead of ‘Percent, with error >11°". 

Monroy WEATHER Reviliw, October 1948, vol..76, ‘Solar 
Radiation Data for October 288: 

In Table 2, for Madison, Wis., departure from normal for 
October 16-21, +57; for Riverside, Calif., departure for period 
October 8-14 should read —18; for Fairbanks, Alaska, value | 

In Table 1, for Blue Hill, Mass., departure from normal under 
Air Masa column headed 4.86 should appear as —.08. 
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A SURFACE MICRO-STUDY OF SQUALL-LINE THUNDERSTORMS 
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INTRODUCTION 


Squall lines have long been respected for the coinci- 
dence of their p e with storms of great intensity. 
Usually associated with a cyclonic wave system having 
considerable intensity of its own, they are frequently over- 
looked or incorrectly located on a synoptic map because of 
the presence of this parent system. However, the passage 
of a squall line is in most cases marked by severe weather, 
while the surface cold front may pass later on with com- 
paratively mild activity. Apparently, great forces exist 
in the squall line, but in spite of its importance, a detailed 
analysis of the surface weather phenomena accompanyi 
its passage has not been possible by ordinary shstbede of 
macro-analysis. However, utilization of data from the 
automatic weather stations in the closely-spaced network 
of the U. S. Weather Bureau’s Cloud Physics Project [1] 
at Wilmington, Ohio, has now made possible a detailed 
analysis of a number of squall-line thunderstorms. This 
paper is a presentation of the results of this micro-study of 
squall lines which passed over the network during an 8- 
month period of its operation. 

Inasmuch as squail lines are frequently difficult to de- 
tect on synoptic maps it is also difficult to rigorously define 
them. However, for the purpose of this study, the follow- 
ing conditions were considered necessary and sufficient to 
constitute a squall line: (1) A narrow zone of activity 
usually parallel or nearly parallel to a surface cold front, 
and occurring usually some distance (e. g., 100 to200 
miles) in advance of it; (2) activity along thisline charac- 
terized by thunderstorms, severe rain, brief wind shifts, 
gusty winds, abrupt pressure rises, and abrupt temperature 

s. 


In order to study the surface phenomena of squali lines 
critically, it was necessary to view them under magnifi- 
cation and in slow motion, which was made possible 
through the mechanically recorded data of the 55 surface 
weather observing stations of the Cloud Physics network. 
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These stations were spaced in checkerboard fashion at 
2-mile intervals over a rectangular area measuring 8 miles 
in an east-west direction by 20 miles in a north-south direc- 
tion and were in continuous operation from February 
through September 1948. Continuous records of pressure, 
temperature, relative humidity, time and amount of 
rainfall, wind direction, and wind velocity were recorded 
on instruments equipped with high-speed gears and charts 
with expanded time scales. Since a low viscosity oil was 
used in the dash pots of the microbarographs, even short- 
interval pressure changes were not damped out. From 
these charts [2] data could be evaluated for any minute of 
the 24-hour day, and micro-synoptic surface maps could 
be constructed from the evaluations at frequent intervals." 
Photographs of typical chart records from the hygro- 
thermograph, microbarograph, rain gage, wind direction 
recorder, and wind velocity recorder are shown, respec- 
tively, in figures 1, 2, 3, 4, and 5. 

From these graphical records for the 8 months in which 

the Wilmington surface network was in operation, it was 

ible to distinguish 11 weather situations which ful- 

led the requirements of the definition of a squall line. 

Seven squall-line passages were analyzed in detail, with 
some of the results summarized in Table 1. 

It goes almost without saying that thunderstorms 
occurred along each of these squall lines, although they 
could not be identified from the graphical records. How- 
ever, for each of the 11 cases of squall-line passage which 
were analyzed, there was verification in the reports from 
the Clinton County Air Force Base weather station and 
other nearby stations that thunderstorms occurred at 
corresponding times. 

1A current, independent investigation using the data on which this article is based 
indicates that the analysis of the micro-synoptic maps is o to some variable interpre- 
tation due to the large speed of motion of the system and the rapid fluctuations of the 
various meteorological elements. The speed of the system introduces difficulties in 
picking off from the continuous record charts the exact values of the respective elements 


at the time indicated, and the rapid fluctuations (particularly those of less than 5 minutes 
duration—see fig. 2) might be completely missed in synoptic maps s 5 minutes 


. However, for the purposes of this 2 real the maps Indicate very clearly the general 
r. 
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FiGurE 1.—Thermograph trace) and hydrograph (lower trace) records from 


Ficure 2.—Microbarograph record (lower trace) from 1245 to 1545 E. S. T., for 
March 19, 1948. 
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Ficure 3.—Rain gage record from 1345 to 1515 E. 8. T., for March 19, 1948. 
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FicurE 4.—Wind direction record from 1245 to 1445 E. 8, T., for March 19, 1948. 


TaBLE 1.—Summary of analytical data collected from micro-analysis of seven squall-line passages 


Feb. 27 | Mar. 19 | Mar.31 | May4 | May 16} June7 | June 29 Average 
Features of micro-study e ing 
2115 1400 1445 1615 2200 1930 1200 ba 
E.8.T. | E.8.T. | E.8.T.| E.8.T.| E.8. T. | E.8. T. | E.8. T. 
GENERAL SYNOPTIC CONDITIONS 
Yes Yes Yes Yes Yes Yes Yes Yes 
Was squall line associated with a cyclonic wave system? -.................----.-------.2.----. Yes Yes Yes Yes Yes Yes No Yes 
Was squall line associated with a surface cold front?...............---..-.-----.---------------- Yes Yes Yes Yes Yes Yes Yes Yes 
APPEARANCE ON MICRO-ANALYSIS 
Was squall line a uniform straight or No No No No No No No No 
Did squall line move in & uniform manner? ...._........-..-.-.----..-----.-------------------- No No No No No No No No 
tee CONDITIONS IN THE MICRO-ANALYSIS 
Direction from which squall line moved. .......-------.------------+-----e------ne-e------ Ww.| WNW.| WNW w. NW NW ssw.| WNW. 
Did wind shi 40 45 40 45 45 
Did id shift | Yes Yes Yes Yes Yes Yes No Yes 
Was a peak gust associa’ Yes Yes Yes Yes Yes Yes Yes Yes 
Maximum ient behind squall line (mb/mi)_-.-.........-.-.-.....-- 1.0 2.0 1.0 1.3 1.7 1,2 1.0 1.3 
Maximum obaric rise behind line (m/s a 2.6 5.6 2.0 2.4 3.0 2.4 2.4 2.9 
Did a micro-high or micro-ridge follow the squal line? Yes Yes Yes Yes Yes Yes Yes Yes 
No Yes No No No Yes No No 
pitation: 
Did precipitation occur ahead of squall line? ..................----.----------------------- No No No Yes No Yes No No 
Yes Yes Yes Yes Yes Yes Yes 
0.35 0. 60 0. 22 0. 40 0.17 0. 48 0. 0.37 
5-10 10-15 15-20 10-15 15-20 15-20 16 
60-90 40-45 25-30 40-45 45-60 45 
id temperature fall behind the squall line? .-..............-.--.--.--.--.-------22--2- No Yes Yes Yes Yes Yes Yes Yes 
Maximum amount temperature rose or fell (°F.)_.......-..--..--------------.---...-.----- 4 17 16 4 12 12 18 15 
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Ficvure 5.—Wind speed record for 1245 to 1445 E. 8. T., for March 19, 1948. 


METHOD OF MICRO-ANALYSIS 


In the interest of analyzing the surface data in slow 
motion, a series of micro-synoptic surface maps was pre- 
pared for each squall-line passage, with the maps in each 
series drawn for successive 5-minute intervals. In the 
interest of magnification, the maps used were on a scale of 
4 inch equal to 1 mile. Data were plotted on them in the 
usual manner for synoptic maps, with the following excep- 
tions: (a) isallobaric characteristics and amounts were for 
5-minute intervals instead of for the customary 3-hour 
interval, since pressure changes occur so rapidly along the 
squall line that the longer interval did not give a descrip- 
tive tendency; (b) rainfal) intensities and amounts were 
for 5-minute intervals. Isobars were drawn for each 
whole millibar, and isallobars were drawn for each whole 
millibar of change per 5 minutes. The leading edge of 
squall-line activity was indicated as a series of broken, 
dash-dot lines. Areas of high and low pressure were 
labeled, and regions where rain was falling were shaded. 


2 Reproductions are on the scale of 4 inch equal to 1 mile, due to the necessity of reduc- 
ing them in size for inclusion in this booklet. 
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FiGuR£ 6.—Surface micro-synoptic for Wilmington Ohio area, 1440 E. 8. T. 
March 81, 1948. 


Examples of these micro-synoptic surface maps are 
shown for two squall-line p es. The series for the 
typical one which occurred on March 31, 1948, is reproduced 
in figures 6,7,and8. In addition, a section of the regular 
United States synoptic a [3] for 1330-E. S. T. of the 
same day is reproduced in ware 9 to indicate the general 
synoptic pattern for the Wilmington (ILN), Ohio, area. 

e second series represents the unusually severe squall- 
line passage of March 19, 1948 (figs. 10, 11, and 12). 
te my of considerable amount resulted from 
this storm. Figure 13 is included to show a section of the 
regular United States synoptic map [3] for 1330 E. S. T. 
of the same day, indicating the general synoptic pattern 
for the area. 
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Ficure 7.—Surface micro-synoptic map for Wilmington Ohio area, 1445 E. 8. T., 
March 31, 1948. 


RESULTS OF MICRO-STUDY 


From the study of the 11 recognizable squall-line pas- 

ages and the micro-anylysis of 7 of them, a number of 

eneralizations have been made and are presented in the 
ollowing paragraphs. 


DIURNAL AND SEASONAL OCCURRENCE 


From the graphical records it was found that all of the 
squall-line a occurred between the hours of 0600 
and 2200 E. S. T. and none occurred during the early 
morning hours. Of the 7 which were analyzed, all occurred 
between the hours of 1200 and 2200 E.S. T. Therefore, 
although an insufficient number of cases were studied to 
constitute proof of the statement, it appears that severe 
storms associated with squall-line passages in the Ohio 
region are most likely to occur during afternoon and 
evening hours. 

These passages were well distributed throughout the 
period from February 27 to June 29, except that none 
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Fiaure 8.—Surface micro-synoptic map for Wilmington Ohio area, 1450 E. 8. T., 
March 31, 1948. 


occurred during April. The seven which were analyzed 
in detail occurred on February 27, March 19, March 31, 
May 4, May 16, June 7, and June 29. The other four 
occurred on March 2, March 15, May 2, and June 6. 
No recognizable ones occurred after June 29. In other 
words, all of the squall-line passages which were identified 
occurred in late winter, spring, and early summer. 


RELATION TO FRONTAL SYSTEM 


It is not within the scope of this paper to theorize on 
the origin of squall lines nor to speculate on their upper- 
air structure. However, some mention can be made in 
regard to the recent surface history of the 11 which were 
studied. In all cases except one the squall line was 
associated with a major cyclonic wave system which 
was present on the surface synoptic map; usually the 
line of activity appeared at some distance in advance of 
the surface cold front. However, micro-analysis of the 
line of activity yielded similar results in all cases, regardless 
of its relation to the general synoptic situation. 
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FicurE 9.—Section of United States surface synoptic map for 1330 E. 8. T., March 31, 1948. 


METEOROLOGICAL FEATURES OF SQUALL LINES 


Pattern of the squall line—On regular surface synoptic 
maps, 4 es lines are indicated as straight or gently 
curving lines moving uniformly across the ma rom 
the micro-analysis, it was determined that this is not 
representative. On the micro-synoptic maps, none of 
the seven cases of squall lines were vapnenniadiee straight 
lines, nor did the lines of activity move uniformly across 
the network on the series of maps for each case. Small 
sections of the line accelerated or slowed down; surges 
occurred here and there. Although the lines were con- 
tinuous and sharply defined, their pr was jumpy. 

Formation of macro-lows.—In two of the seven cases 
which were analyzed, it was found that small low centers, 


or micro-lows, developed along the squall lines. At the 
center of the micro-low, the squall line developed a small 
perturbation, or micro-wave, which in one case actually 
occluded and then dissipated. In the other case (storm 
of March 19, 1948) it flattened out when the micro-low 
containing it filled. Property damage in the latter storm 
was considerable, with roofs ripped from some buildings 
others blown down, trees blown over, and a covered 
bridge damaged. The damage was greatest along the 
path traversed by this micro-wave. Again, there was an 
insufficient number of cases to make any generalization 
concerning the formation of these micro-waves, but it is 
likely that they form from time to time along squall 
lines and last probably no more than 30 minutes before 
they disappear. 
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FiGuRE 10.—Surface micro-synoptic me gd ilmington Ohio area ,1355 E. 8. T., March 


Movement of the squall line-—The average rate of 
movement of squall lines for the seven cases analyzed 
was about 40 m. p. h., with the rates for all cases within a 
range of 35 to 45m. p. h. Small, very local portions of 
the lines moved faster or slower than the average. During 
the storm of March 19, for example, the rate of movement 
of the micro-wave was about 60 m. p. h. for the period 
from 1400 to 1405 E. S. T. 

The direction from which the squall lines moved 
averaged west-northwest for six of the seven cases ana- 
lyzed; it varied within the range of west to northwest. 

he one case in which the line moved from the south- 
southwest was not considered a typical example, although 
no explanation can be given for its unorthodox movement. 

Accompanying changes in weather elements.—PRES- 
SURE: Immediately upon the passage of a squall line 
there was an abrupt rise in pressure. The total rise 

ed from 2 to 6 mb., and it sometimes occurred within 
5 minutes’ time. Local gradients were as steep as 1 to 2 
mb. per mile. Correspondingly, isallobaric rises were 
high, with values as great as 5.6 mb. per 5 minutes 


FIGURE 11.—Surface micro-synoptic - — a Ohio area, 1400 E. 8. T., March 


recorded. Values such as these are upwards of 50 times 
greater than those normally encountered in other steep or 
rapidly changing pressure fields. Following the abrupt 
rise in pressure, there was a leveling off or a slow falling 
on the graphs. The configuration resulting on the micro- 
synoptic map was then a micro-high, or micro-ridge, 
which rose sharply with the onset of the squall line and 
sloped gently away 5 to 10 miles behind it. 

WIND: Tn all but one case of the seven analyzed, 
marked wind shifts occurred upon the squall line’s 
passage. Winds ahead of the lines were usually a 
and an almost instantaneous shift to westerly or north- 
westerly winds behind it was observed. 

Wind speed remained fairly steady until the ey of 
the squall Sine; when a peek gust occurred. This gust 
lasted for only 1 or 2 minutes and the speed was at times 
as high as 75 m. p. h., although for the seven cases the 

ak gusts averaged 56 m. p. h. During the storm of 
March 19, several stations recorded gusts in excess of 
75m. p.h. Following the peak gust and the passage of 
the squall line, the wind speed decreased, at first rapidly 
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FiGuRE 12.—Surface micro-synoptic Ohio area, 1405 E. S. T., March 


and then more slowly to near its cetgine) rate. At the 
same time the wind direction backed gradually to near 
its — direction. Ten to twenty miles behind the 
squall line the wind speed and direction were very much 
as they had been prior to its passage. 

Due to these narrow limitations on the duration of the 
squall-line wind and to its instantaneous shift, descriptive 
winds are not often observed at the exact time of the 
record observations which are plotted on the U. S. synoptic 
surface map. When an occasional squall-line wind shift is 
plotted on the map, the analyst frequently disregards it as 
an “‘unrepresentative thunderstorm wind.” Analysis of 
these seven cases, however, showed that the wind is highly 
informative as to the exact position of the line. inds 
associated with a thermal-type thunderstorm do not 
follow this pattern, so care should be taken in making a 
pap analysis not to confuse a thermal-type thunderstorm 
with a squall-line thunderstorm; winds of the former blow 
out in all directions from the storm but do not shift to any 
particular direction.) 

An inspection of the micro-analysis reveals that wind 
shifts were frequently not as complete as might have been 
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expected from the isobaric pattern. In many cases the 
flow was at right angles to the isobars. A discussion of 
the dynamics of this apparent inconsistency is, however, 
not attempted in this paper. 

PRECIPITATION: each of the seven situations 
analyzed, precipitation occurred immediately after the 
onset of the squall line. Small areas of light rain were also 
present in advance of the squall line in two cases, which 
may have been due to the proximity of the surface warm 
front. Rain in the first mile behind the squall line was 
og light, becoming severe thereafter. "The maximum 
rate of fall averaged for all seven cases was 0.37 inch per 5 
minutes. In one case rain fell at the rate of 0.60 inch for a 
5-minute period. Usually the severe rain continued from 
10 to 20 minutes and then abated rapidly to moderate or 

ight rain. In most cases, all rain had ceased 45 minutes 
ter the squall-line passage. 

Hail occurred with the squall-line passage of March 19, 
and it was most intense along the path traversed by the 
micro-wave. 

TEMPERATURE: Except for one case, temperatures 
fell sharply upon the passage of a squall line. (The 
excepted case was one wherein a surface warm front passed 
over the network at about the same time.) Maximum 
drops occurred during the time that severe rain was falling, 
and usually the amount of the drop was proportional to the 
rate of rainfall. On an average, temperatures fell 15° F. 
within 5 or 10 minutes following the squall line’s passage, 
although in one case the drop was 17° F. within 3 minutes’ 


time. With the ending of the period of severe rain, tem- 
peratures rose again slowly, frequently returning to near 
their original levels. 


RELATIVE HUMIDITY: Relative humidity values 
changed inversely with temperature changes, rising sharply 
to near 100 percent upon the beginning of the rain and 
falling slowly back to normal when the rain had ended. A 
more detailed discussion of these and dew point values is 
not given inasmuch as they were derived from measure- 
ments of hair hygrometers which do not give sufficiently 
accurate measurements for correlation with other data. 


CONCLUSIONS 


In summarizing the changes in specific surface weather 
elements accompanying the passage of a squall line, the 
abruptness, severity, and narrowness characteristic of this 
zone of activity should be emphasized. This can be 
brought out by comparing it with any other weather 
discontinuity; e. g.,a surface cold front. If the dome of 
high pressure following a cold frontal passage be likened to 
a gently sloping knoll, then the micro-ridge of high pressure 
following a squall-line e could be likened to an 
abrupt, almost vertical diff. if the knoll be said to cover 
an area of several thousand square miles then the cliff 
would, correspondingly, have a width of only a few miles. 
In, fact, the total time covering the passage of the squall 
line to the return to normal conditions is usually less than 
45 minutes. Severe rain is over within 10 to 20 minutes, 
and all of the rain is over in less than an hour. Wind shifts 
may last for only 30 minutes, and the peak gust has a 
duration of only 1 or 2 minutes. Sharp pressure rises are 
accomplished in 5 or 10 minutes, while pressures may slow- 
ly return to no within an hour. Temperatures fall 

uring the first 5- or 10-minute period and may return to 
normal within an hour. In general, 1 hour after the 
squall-line nee conditions may be nearly normal again. 

Because of these characteristics, even experienced 
forecasters have difficulty in locating squall lines when 
analyzing the synoptic maps by methods. of 
macro-analysis. Although the presence of all 11 squall 
lines was evident on the surface synoptic maps of the 
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FicurE 13.—Section of United States surface synoptic map for 1330 E. 8. T., March 19, 1948. 


United States prepared by the Weather Bureau-Air Force- 
Navy Analysis Center at Washington, D. C., in a few cases 
they had been incorrectly located or they were dropped too 
soon from the maps. 

A single observer has even less chance of reporting 
descriptive weather data for identifying the squall line at 
any regular 3- or veg | observation. ue to the 
abruptness of the changes, the more frequent hourly obser- 
vations may miss the storm. In an exceptional case, 
when a synoptic observation is taken during a squall-line 
passage, the data reported by a single observer—especially 
wind, pressure, and pressure tendency—may appear so 
confusing to the person analyzing the synoptic map that 
he does not use the ey be said 
attempting to report or identify a squall-line e by 
ordinary is like trying to a Bring 
airplane with a time-exposure camera. 
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METEOROLOGICAL AND CLIMATOLOGICAL DATA FOR NOVEMBER 1948 


AEROLOGICAL OBSERVATIONS 


[For description of change in Table 1 and charts, see Review, January 1946, p. 6] 
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TABLE 1.—Mean dynamic height (geopotential) in units 
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for standard pressures, as obtained by radiosondes during November 1948 
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STATIONS AND MEAN SURFACE PRESSURES 


(1,013.8 mb.) 


Brownsville, Tex. 


ae 


Dede City, Kans. 
922.0 mb.) 


Boise, Idaho 
(919.6 mb.) 


7, 208|— 


Columbia, Mo. 
(983.7 mb.) 


Bismarck, N. Dak. 
(952.1 mb.) 


Ciudad Victoria, 


Mex. (975.2 mb.) 


Charleston, 8. C. 
(1,015.9 mb.) 


Caribou, Maine 
(993.2 mb.) 
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See footnotes at end of table. 
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30 30 gol 30] 3.8] 60 80 
30 74) 3 605} (*) |....| 30 65 

30 35| 68} 30} 1,043) 5.0) 54) 30 61 

30 31} 30) 1, 64) 30) 1, 5 2.3) 658 | 52 

30 31} 30) 1, 58) 1,994) —1.2| 57| 30 40 

30 30} 30} 2, 56| 30| 2,510] —4.4| 58| 30 38 

30 33) 30) 2, 53} 30) 3,046) —7.6) 62) 29 37 ae 

30 31} 30| 3, 52} 3,622|—10.3| 58 37 

30 30} 4 50} 30] 4,232|~14.0| 55| 29 

30 .--| 30) 4 .-| 30} 4,890|—18.2| 52) 29 

30 ---| 30) 6, 20) 5, 29 ~ 

30 .--| 30) 6, 22 27.0)....| 29 

30 29) 29) 8, 529) — 

20] 8 29] 9, 629] — 
28} 10, 29] 29) 10, 882)—43. 
26) 27} 11, 801]—56. 12, 348] —54. 
96] 12) 23] 12, 27] 13, 189] —60. 9)... 
95] 13; 22) 13, 25) 14, 135|—66. 3)... 
17] 16, 204)—63. 8)... 10) 16, 449]—70. 4]... 14] 16, 16] 14} 16, 137|—61.3|....| 20) 16, 539)—74. 5)... 

(988.4 mb.) 

13} 15.6) 88 20.3) 61 73 4.4) 68 
147| 17.3) 82 116} (*) |... 102} (*) |...- 120 

588) 16.5| 75 19.6) 57 7.9) 64) 23) 548) (*) |... 
30) 88] 73] 30) 1, 14.8) 66 1,025} 16.6 59 971} 5.9) 60 6.4) 54 
30} 1,430] —1.9) 71 L 13.2) 62 1,509} 14.1) 61| 1,437) 3.8) 57| 28, 1,457) 5.1) 44 
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RIVER STAGES AND FLOODS FOR NOVEMBER 1948 
Exmer R, NELSON 


River stages during November were above normal for 
the fifth consecutive month in the Missouri basin and in 
rtions of the Ohio River Basin in Ohio and Tennessee. 
t was also above normal along the Atlantic and East 
Gulf of Mexico Drainage Areas from Pennsylvania to 
Mississippi. River stages were below normal in the New 
England States, except Maine, for the fifth consecutive 
month. Heavy rainfall brought ground water and river 
levels back to normal in Maine for the first time in over 
year. 

bevere flooding with record to near record stages devel- 
oped in several streams in Georgia and Alabama towards 
the close of the month. Flash floods forced several fam- 
ilies to leave their homes along the Peachtree and Nancy 
Creeks in Georgia and along the South Chickamauga 
Creek near Chattanooga, Tenn. Severe flooding occurred 
on First Creek at Knoxville, Tenn. The rivers in South 
Carolina reached their highest levels in three years. 
Moderate flood stages were reached along the James in 
Virginia. Light to moderate overflow occurred in most 
streams in Mississippi and North Carolina with some 
severe flooding in portions of Mississippi. Light flooding 
occurred in streams in Indiana, Louisiana, and Washing- 
ton, and light to moderate flooding in Florida. ps 

Precipitation during the month was above normal east 
of the Mississippi River except in Florida and the central 
portion of Illinois. It was above normal in the States 
immediately to the west of the Mississippi and along an 
irregular belt extending through the state of Washington. 
The greatest precipitation (4 to 6 times normal) occurred 
over northern Georgia, Alabama, and central poy 
The first snow of the season, other than in the higher ele- 
vations, occurred in b Sa wm. during the second week of 
October and during the third week in Pennsylvania and 
up-state New York. Some light snow fell as far south 
as northern New Mexico during the beginning of Novem- 
ber. Arkansas, Missouri, and West Virginia reported 
their first snow on November 10. Heavy snow fell from 
western Kansas to the northern Lake region from the 18th 
to the 20th. Snow depths ranged from several inches in 
western Kansas to about a foot in eastern South Dakota 
much of Minnesota and northern Wisconsin. Several 
inches fell during the same period in eastern Washington, 
and in the Central and Northern Rockies. Only a light 
snow cover, except in the mountains, remained on the 
ground by the end of November. 

Atlantic Slope drainage.—Heavy rains (1.5 to 2 inches) 
over the James River Basin in Virginia on the 28th—29th 
caused crests 1.9 to 4.2 feet above bank-full stage below 
Bremo Bluff. Flood damage was negligible. 

Only light local flooding resulted from the ergs rains 
over eastern North Carolina during the night of Novem- 
ber 3d and early morning of the 4th. The rainfall averaged 
nearly 2 inches over the upper branches of the Cape Fear 
and Tar Rivers and almost 4 inches over the upper tribu- 
taries of the Neuse, but very little run-off occurred as the 
initial ground water anes were very low. The only 
above bank-full stages that occurred was on the Cape 
Fear at Elizabethtown and on the Neuse at Smithfield. 
General flooding developed on all the rivers in eastern 


‘North Carolina during the latter part of November and 


the beginning of December from the heavy rains on the 
98th-29th. Favorable conditions, for high run-off, existed 

rior to this storm as occasional heavy rains during the 
interim period had maintained high initial ground water 
stages. 
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Most of the streams in South Carolina reached their 
highest levels in 3 years from the heavy rains during the 
24-hour period ending at 8 a. m. on the 29th. Conditions 
were favorable for high run-off as the soil was saturated 
prior to this storm from the moderate rains that fell 
during an earlier rainy period of one week or more. All 
the rivers rose rapidly to above flood stage except the 
Waccamaw. Considerable damage resulted to lowland 
or highways, bridges, and some to railroad property. 

major freshet, with considerable d e, occurred in 
the Savannah River drainage basin at and above Butler 
Creek, Ga., during the last few days of the month and 
the first part of December. The rainfall, above Augusta, 
Ga., aVeraged 1.75 inches on the 27th, 1.25 inches on the 
28th and 1.60 inches on the 29th. Several houses were 
washed off their foundations. 

The Ocmulgee River, at Macon, Ga,. topped the 
previous highest ovage of 26.1 feet of March 22, 1942, by 
1.9 feet. It cres within 2 days after pens flood 
stage on the 27th. Such severe amg, ty unusual in the 
normally dry month of November. This year it was 
unusually wet, especially after the 19th, with no less than 
7 days of heavy to excessive rain. The first important 
rain occurred on the 19th-20th with 1 to 3 inches of rain 
falling over the extreme upper reaches of the Ocmulgee. 
Two to four inches of additional rain fell over the upper 
half of the basin during the period 22d-24th. The most 
important rains occurred on the 27th when upper and 
middle stream stations reported 3 inches or more. Addi- 
tional heavy rain occurred on the two following days. 
Much of Macon, nearest to the river, was inundated 
forcing many families to leave their homes. Damage to 
streets, roads, bridges, building foundations, equipment 
and furnishings of homes and stores was considerable. 
Flash floods occurred in the Atlanta area on the Peach- 
tree and Nancy Creeks from the excessive rains on the 
27th, flooding a large number of homes and other build- 
ings. Twenty-five families were forced to leave their 
homes and others had to be evacuated by boat. Con- 
siderable damage was done to building foundations, 
furnishings, lawns, streets, and roads. One radio trans- 
mitting station was put out of service. 

East Gulf of Mexico drainage-—The Chattahoochee 
River rose to several feet above bank-full stage from 
Norcross, Ga., to Columbia, Ala., during the latter part of 
November. This flooding was due to recurrent heavy to 
excessive rains during the last decade of the month. One 
to 3 inches of rain fell over the entire length of the river on 
the 19th-20th. Two to four inches of additional rain fell 
from the 22d-24th with the heaviest falls between West Point 
and Athens, Ga. Five to seven inches occurred between 
West Point and Griffin, Ga., on the 27th with additional 
heavyrainsonthe28th-29th. Theriver at West Point rose 
into yards and stores in some sections causing damages to 
furnishings. 

The Flint River rose rapidly after the heavy rains on 
the 27th inundating several acres of farm land and dam- 
aging roads and bridges. At Montezuma, Ga., the river 
rose to a depth of 4 feet in some streets. 

Heavy to excessive rains during the period from the 
16th-28th caused moderate flooding in the Conecuh River 
in Alabama and slight flooding in the lower Choctawhat- 
chee in Florida. e rainfall averaged almost 11 inches 
during this period. Most of the damage along the Cone- 
cuh River was to crops, livestock, highways, and bridges. 
Only minor damage occurred a the Choctawhatchee. 

he heavy rains of the 26th-27th brought one of the few 
large November rises in the history of both the Warrior 
and Tombigbee Rivers. The rains averaged 5.5 inches 
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over the Warrior Basin, 6.7 inches from Demopolis to 
Jackson, Ala., and 4 inches over the Up Tombigbee 
area. The initial ground water stages vacate due to the 
recurrent, unseasonably heavy rains during the decade 
preceding this rain. 

The second highest November crest of record (63.5 
feet) was reached on the Warrior at Tuscaloosa, Ala., at 
6 a. m. on the 29th. It rose 32 feet in 48 hours and 18 
feet the last 24 hours. 

The highest crest of record for this time of year (37.4 
feet) was recorded on the Upper Tombigbee at Aberdeen, 
Miss., on December 1 (previous highest stage was 36.9 
feet in 1925). The crest at Demopolis, Ala. (59.1 feet), 
was the highest since December 1932 (62.7 feet), and the 
second highest December crest of record. The crest 

was slowed up at Lock No. 1 (Jackson, Ala.) by 
the unusually high water in the Alabama River. When 
both rivers are high at the same time they merge at a 
considerable distance north of where they usually join to 
form the Mobile River. The water from the Alabama 
backed up or held up the water from the Tombigbee, and 
as a result the flow of the Tombigbee was not only held 
up at Lock No. 1, but the bayous and creeks 15 to 20 
miles north of Mobile were from 4 to 6 feet above normal 
levels until the 4th week in December. 

The second highest stage of record (26 feet) was reached 
on the Pearl River at Edinburg, Miss., on December 1 
(previous highest crest, 26.2 feet, March 8, 1935). Heavy 
to severe flooding was in progress along the Pearl as far 
as Pearl River, La., by the end of the month. Record to 
near record stages were occurring along the Leaf River in 
Mississippi and moderate to heavy flooding along the 
Chickasawhay. 

me ag Mississippi Basin—For the second consecutive 
month, stream flow was unusually low in the extreme upper 
Mississippi, Chippewa, and Wisconsin Rivers and the 
water in the reservoirs was reduced to such low levels that 
hydroelectric power was cut down. Even though precip- 
itation was near normal during the month it did not 
increase the stream flow appreciably. 

Thin ice formed on the pools in the Mississippi during 
the last decade. 

Ohio Basin—Slight ape | occurred along the West 
Fork of the White River at Edwardsport, Ind., from the 
7th to the 9th due to the heavy rains on the 5th and 6th. 

Heavy rains (2.5 inches) over the French Broad River 
in western North Carolina on the 28th-29th resulted in 
slightly above bank-full stages at Asheville and Hot 
— November 1948, was the wettest November on 
record (7.15 inches) at Asheville. The previous record 
was 4.85 inches in 1938. The discharge of the French 
Broad at Asheville was the greatest for November in a 
period of 50 years. 

The storm of the 27th-29th, over the Tennessee River 
Basin climaxed a month of frequent heavy rain and 
established a new record of rainfall over the basin for 
November. Ground conditions were ideal for high run-off 
as this storm followed within 12 hours a general rain 


MONTHLY WEATHER REVIEW 253 


(0.8 inch) over the basin. Some very high flows resulted. 

The average rainfall over the entire drainage area of 
40,000 square miles was 2.92 inches, Approximately 
2.75 inches fell over the lower half of the basin and 3.25 
inches over the upper . The main river drainage 
area between Chattan and Knoxville received the 
greatest concentration of rain with a general average 
over this portion of about 4.25 inches. The highest 
amount recorded during this storm was 6.05 inches at 
Twenty-Mile, in the mountains of western North Carolina. 

The stages on the main river were held below flood level 
at criti po through the regulation and control 
activities of the Tennessee Valley Authority. Some 
agricultural lowlands immediately below some of the 
downstream dams were flooded. Along the main river 
at Chattanooga the highest point reached was 28.9 feet 
(30 feet flood stage). 

Several unregulated creeks rose to flood stage and 
above for a short period. Most damaging of these were 
South Chickama Creek near Chattanooga, Tenn., 
and First Creek in Knoxville, Tenn. South Chickamauga 
Creek reached a record stage of 19.8 feet. It rose so 
rapidly that many houses were flooded and people and 
livestock had to be evacuated. Brainerd Hills and East 
Brainerd, two new subdivisions along the Chickamauga 
Creek are subject to flooding at a stage of 18.5 feet. Some 
damage resulted to basements, yards, shrubbery, and 
roads in these subdivisions. 

Lower Mississippi Basin.—Rainfall averaged over 14 
inches over the Yazoo Basin during the month. | This 
was the greatest recorded rainfall in the basin in over 50 
years. Nearly half of the rain fell during the storm of 
the 18th-19th with most of it falling during a 24-hour 
period. Rains ranged from 5 to 8 inches with the heaviest 
rains falling over the central Yalobusha Basin. Rivers 
rose rapidly as a result of this excessive fall, and con- 
siderable farm and woodland was overflowed with con- 
siderable dam The Tallahatchie River crested at 
Swan Lake, Miss., 2.6 feet above bank-full stage on 
December 1. The Mississippi River remained well 
below flood stage throughout the month. 

In the Atchafalaya Basin strong on-shore winds and the 
accompanying high tide caused the lower Atchafalaya 
River to rise above bank-full stage at Morgan City, La., 
for several hours during the night of the 18th-19th. No 
damage was reported. 

West Gulf of Mexico drainage.—Scattered heavy rains 
over the Calcasieu River Basin during the last half of the 
month caused the Calcasieu to rise to 2.3 feet above flood 
stage at Kinder, La., by the 30th. It was still rising at 
the end of the month. 

Pacific Slope drainage.—Two small freshets occurred in 
the Columbia Basin during November. 

Heavy rains during the 24-hour period ending during 
the morning of the 24th caused moderate flooding in the 
Snohomish River at Snohomish, Wash., and the Sno- 

ualmie River at Tolt, Wash., with light flooding in the 
Sicyboesiah River at Gold Bar, Wash. 
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Pais! FLOOD STAGE REPORT FOR NOVEMBER FLOOD STAGE REPORT FOR NOVEMBER 1948—Con. 
om? All dates in May unless otherwise specified] 
Above flood stages—; Crest 
e River and station Flood 
a Above flood stages— Crest ! stage 
River and station = From— To— Stage Date 
From— | To— | Stage | Date 
RAIN. Alabama: 
Montgomery, 45 28 | Dec. 6| 56.0 | 30-Dec.1 
Jam Feet 47 28 | Dec. 56.3 | Dee. 3 
me Bluff, Va 19 29 30 20.9 30 Millers Ferry, 27 | Dec. 13 56.3 | Dec. 10 
Columbia, Va_.._-- 18 29 30| 22 30 Black Warrior: 
State Farm, 12 30 | Dee. 1 15.5 30 Tuscalocsa Lock and Dam, Ala--.- 47 2} Dec. 2 63.5 29 
Richmond, 30| Dec. 1| 10.0 | 30-Dec.1 7, Eutaw, 35 29) Dec. 11} 528] Dec. 3 
10 29 23.0 29 22 24) 34.6 23 
Randolph, 21 29 24.0 29 Aberdeen, Miss... { 29| Dec. 4 37.4; Der 1 
Scotland Neck, 30 Lock No. ‘ Demopolis, 39 23 | Dec. 15 59.1 | Dec. 6-7 
Smithfield, N. C...--------------- 13 { 29 Hattiesburg, Miss... ...........--- 22.5 28 Dec 2 24.1 29 
Ye Cape Fear: Chickasawhay 
Fayetteville, N. C_...--.------- 35 ubute, Miss... ec. ec. 
\ 6 ® 6 21.4 Waynesboro, 35 | Dec. 3} Dee. 5 37.9| Dec. 4 
Lock No, 2, Elizabethtown, N. C 20 26 20.8 26 ula: Merrill, 22 25.7 238 
Lynches: Effingham, 8. 14 30} Dec. 7| 15.9] Dec. 5 Bogue Chitto: Franklinton, = ® 129 27 
+ AE, ~ 30 29| Dee. 2 37.0 30 
Des, 19 () 24.2| Dec. 5 Edinburg, Miss 20 27 () Dee. 1 
Black: Kingstree, 8. 12 30 | Dec. 5 12.5] Dec. 3 Jackson, Miss. 18 20 (?) 32.9} Dec. 6 
} Monticello, Miss 15 26 () 22.9 2 
Pelzer, 6 27 @) 12.3 29 Columbia, Miss. 17 27 21.2} Dec. 3 
Pearl River, La 12 24 (2) 16.7 30 
10 29 29 12.4 29 
14 2% | Dec. 2} 29.0 30 MISSISSIPPI SYSTEM 
Congaree: Columbia, 8. 19 29} Dee. 1 25. 6 30 
‘ Catawba: =- Ohio Basin 
Catawba, N. 29 10.5 29 
4 ll 29 30 19.0 29 White: Edwardsport, 12 7 9 12.7 8 
Wateree: Camden, 8. 23 29; Dee. 2 31.4 30 Broad: 
Broad: Carlton, 15 27 30 23.6 29 6 28} Dee. 1 8.3 28 
Orangeburg, 8. C__--...-..-.-.----- 8 23 | Dee. 6 9.6 30 = First Creek: Knoxville, Tenn___-.___. 5 28 29 7.2 23 
Givhans Ferry, 8. C..-..-----.--- 10 2] @ 14.6} Dec. 3 South Chickamauga Greek: Chicka- 
Savannah: 10 28 | Dee. 1 19.8 29 
Calhoun Falls, 8. C_..........---- 8 29 29 8.5 29° Sequatchee: Whitweil, 12 28 | Dec. 2 15.7 29 
32 29 (?) 36. 2 30 Elk: Prospect, 21 28 | Dec. 1 26.7 30 
Butler Creek, Ga__.........---.-..- 21 28 @ 26.4 30 Shoal Creek: Iron Cis, Tenn________- 9 2 29 13.7 28 
Ogeechee: Midville, 6 30 Bear Creek: Bishop, 11 18 | Dec. 2 16.1 29 
Ocmulgee: Macon, 18 27 28.0 28-29 Duck: Hurricane 17 Dee. 2 18.1 | Dec. 1 
Oconee: Milledgeville, 20 27 38.5 29 +=Tennessee: 
Paducah (nr), 34 | Dee. 1] Dee. 9 39.3 | Dee. 5 
EAST GULF OF MEXICO DRAINAGE 18 28 | Dec. 4 22.6 29 
Savannah, 39 | Dec. Dec. 5 41.0| Dec. 4 
> Chattahoochee: 
16 29 30 19.6 30 Lower Mississippi Basin 
19 27 30} 224 29 
Columbus, _ 34 27 30 42.0 28 ‘Tallahatchie: Swan Lake, Miss. 26 23 
40 28 30 55.1 30 
Columbia, Ala. 42 29 30| 48.5 30 Atchafalaya Basin 
Montezuma, 20 30 30 24.4 30 
achicola: Blountstown, 15 15 23 20.6 30 Atchafalaya: Morgan City, La__...... 6 18 19 6.4 18 
Caryville, 12 24| Dee. 6| 13.2) Dec.2 
Con ecuh: WEST GULF OF MEXICO DRAINAGE 
27| Dec. 1} 41.6 30 
Brewton, Ala 17 28 | Dee. 5 21.2} Dee. 2 Caleasieu: Kinder, 16 29; Dec. 3 18.7 30 
Oostanaula: 
22 29| Dee. 3 31.4 30 PACIFIC SLOPE DRAINAGE 
25 28 | Dee. 5 31.9 30 
Etowah: Puget Sound 
17 29 30 22.0 29 
Cartersville, dae 24 29 30 30.0 29 Snoqualmie: Tolt, 50 24 25 53.0 24 
Skykomish: Gold Bar, Wash____--__-- 10 24 24 10.1 24 
Gadsden, 22 28 | Dee, 10} 28.8] Dec. 4-5 Snohomish: Snohomish, 20 4 24.7 24 
Childersbarg, 25 29} Dee. 1 28.3 30 
ON 45 28; Dec. 4 54.6 29 
40 27 30 49.0 28 1 Provisiona 
Centerville, Ala...........--- 23 28 30 33.6 28 2 Coutinved: at end of month. 
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CLIMATOLOGICAL DATA FOR NOVEMBER 1948 


CONDENSED CLIMATOLOGICAL SUMMARY OF TEMPERATURE AND PRECIPITATION BY SECTIONS 
[For description of tables and charts, see Revizw, January 1948, p. 15] 


In the following table are given for the various sections lowest temperatures, the average precipitation, and the 
of the climatological service of the Weather Bureau the greatest and least monthly amounts are found by using 
monthly average temperature and total rainfall; the sta- all trustworthy records available. 
tions reporting the highest and lowest temperatures, with The mean departures from normal temperatures and 
dates of occurrence; the stations reporting the greatest ay pa: are based only on records from stations that 
and least total precipitation; and other data as indicated have 10 or more years of observations. Of course, the 
by the several headings. number of such records is smaller than the total number 

The mean temperature for each section, the highest and of stations. 


Temperature Precipitation 
E Monthly extremes — 
Station Ble Station i Station 
§\2 
OF, oF. In. n. 
50.9) —.4 5 Lead Hill 23|| 5.78|+1.90) 
30.1) —4.1 28|| .77| —.02) La Veta Pass_......._- 
46.3) +3. 9) 4 2 stations 5. 20/+2. 16, Leavenworth Dam #44 
49.7; +3.2 5 18; 24) 7.71/+4.25| Mammoth Cave Park.) 11.41! Greenup Dam #30_____| 4.18 
59.4) +.5 1} 2 24) 23.37' Lake 3. 48 
50.6) +5.3 6} Oakland 20; 26) 5.68/+-3.05| Cambridge (Md.)-_-_- 9. River Dam | 3.00 
41.2) +4.9 1) 2stations.............. 10; 3.76/-+1.23) 6.91) Dowagiac, 2 1.05 
31.6) +2.1 1} 1.66) +.48' 3. 40 Ortonville Sewage 26 
56.6) +1.4 5| Port | 241 30/13. 89) Wiggins. 20.01) Magnolia... 8.13 
46.3) +1.9 10} 29)| 3. 50) +. 79) Cape 
31.7) —.2 14) West 1.04; Heron, 2SW-..........| 7.28) Cut Bank, CAA Apt_| .04 
36.5) —.8 26) O} 22)| 1.74) +.79) Falls City............- 16 
44.0) +5.8 | 10} - 5. 85\+-2. 25) Woodstock, N. 8. 54 Dam, 3. 65 
ass. 
49.8) +5.9 17| 4.66+41.40! Atlantic City. 8.87; 
New 38.9) —3.4 3| Eagle -15) 9 —.42| 2.33) 51 “00 
North Carolina. 55.6) +5. 5) 2 20! 9.02 +6.22; Quebec................ 21. 68| 3.24 
North Dakota-....... 29.4; +2.8) Oakes Water Works 1| Belcourt Indian Res..| —19| 28) 1.12, +.51| Portal................- 2. 22) 10 
46. 7| +5. 2) 2 stations.............- 85 5) Batavia, 4 N.........- 18} 24) 4.31\+1.62) Mt. 7.85) New Lexington, 1 N_.| 2.14 
Oklahoma...._...... 48.2) —1.5) Ft. Gibson Dam_----. 91 12 1,76; —. 20) 6.81; 
Oregon........-....- 38.4) —1.8] | Denmer..............- 4.52] +. 78) 18.94, Owyhee 
Pennsylvania. 46.1) +4.7' 13; 4.58 +1.66) Meadow Run Ponds.-| 7.64) Beaver 2.42 
South Carolina......| 58.5) +4.6) Ridgeland, 2 SE... 87; 27; 9.00 +6. 51; Caesar’s 17. 85| Charleston, WB City_| 3. 50 
South Dakota... 33.3) +.2) 15| Hardy R. -9 1 1.03) +.38; Deadwood 4. 70) . 09 
51.1] +2. 5} 3 stations.............. 84) 15) 20 21,+6. 52; Pt. Park, Lookout 16.98 Butler... 4.26 
50.9) +4.1) 3 16| Sugar 18} 6.03 +3. 8. 75) Spring 2.73 
West Virginia._..... 46.9) +3.6) 17 Cranberry Glades. 6. 57) 2.53 
37.6) +4. 2) 4 1; 2 4| 29) 3.17\+1. 26) Washington Island....| 6.73) La Cross, WB Apt__..| 1.73 
20) —.1 2; 1.05} +.31| Moose. 3. 56) Lovell 08 
Puerto Rico......... 77.8) +.9) Utuado.....-........- 54 8.30 +1.30) San Lorenso (Hspino)-| 24.96) Lajas 
1 Other dates also. 
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CLIMATOLOGICAL DATA FOR WEATHER BUREAU STATIONS FOR NOVEMBER 1948—Continued 


NOVEMBER 1948 


= 


4 Barometric and hygrometric data from airport records, remainder from city office 
NotTe.—Unless otherwise indicated, data in table are city office records. 


$ Barometric, temperature, degree day, and hygrometric data from airport; remainder 


from city office records. 


1900. When station is moved tonew locationor records. 


resent the present station elevation in most cases. 


2 Data are from airport records. Pressures adjusted to original elevations according to 


note !, 


3 Barometric, hygrometric, wind, character of day, and average cloudiness data from 
818931—49--—3 


airport records; remainder from city office records, 


1 Height of barometer cistern above mean sea level on January 1, 1900, or when station 


airport, the pressure is reduced to the original elevation for homogeneity. These eleva- 


was first established since January 1 


tions do not re 
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SEVERE LOCAL STORMS FOR NOVEMBER 1948 


[The table hereunder contains such data as have been received me wns eum eae during the month. A revised list will appear in the United States 
e 0. earbook 


Place 


Date 


pata, 
yards 


Loss 
of 
life 


Value of 


property 


Character of storm 


Remarks 


Oregon, northern coast... 


Arkansas, entire State....... 


ides through LaSalle to 
atahoula Parish, La. 


Crenshaw and Pike Coun- 
ties, Ala. 

Rochester, 

Yazoo County, 


Vicksburg, Miss............- 


Ripley, Tippah County, 


Giles and Maury Coun- 
ties, Tenn, 
Bowdon freer), Carroll 
County, Ga. 


Cedartown, Polk County, 
Ga. 


Buchanan vicinity, Haral- 
son Ga. 
Prairie du Chien, Wis 
Pine Grove, Pa_-- 
Ghent, N. ¥ 


Boston, Mass., and suburbs_. 


Washington, northern 
coastal area. 


ae and Hattiesburg, 

Ss. 

Walker, Livingston Parish, 
La 


White Hall (near), 
Henry County, 


Geneseo, Henry County, Ill_- 
Jacksonville, 
Dickson Mounds, 
County, II. 
Williamsville-Sherman area, 
Sangamon County, Ill. 
Decatur, Ill 
Missouri, entire 


1 Miles instead of yards. 


1:30-3 a. 


Afternoon, 
th, morn- 


12:30-2:30 a. 


6:40-6:41 p. 


1 Several 


100 


$6, 000 


150 
13 


100 


125, 000 


Winds and 
tides. 


Extremely high tides, accompanied by 40 m. p. h. winds, caused much 
shore line erosion, isolated some peninsular communities; disrupted 
power and water service at Bay City near Tillamook; damaged many 

h cottages; and ed a natatorium. Much damage not in- 
——s in estimate. 3 duck hunters drowned when their boat over- 
urned. 

Thunderstorms accompanied of ‘‘Cold Front” from northwest 
across State. Dam widespread, but minor except in central 


Arkadelphia, mostly by hail to 3 greenhouses. Hailstones up to 2 
inches br in. 


. 19 persons 
build destroyed and 40 damaged. No material 
damage to crops, as harvesting practically over. 

, 4 cabins destroyed, 35 other dwellings damaged, and 

00] unroofed and gymnasium building almost com y destroyed. 
Many farm buildings and stored crops seriously damaged. 

Path 15 miles long. High winds at all stations in Yazoo and nearb 
counties. -3$ persons injured. 95 buildings destroyed, 35 dam q 

1 residence completely demolished. Many other buildings severel 
damaged. Many cows, chickens, and other livestock killed. Mu 
ok tobacco, and wheat, st in barns, scattered and destroyed. 

jury. 

Believed to be same tornado which passed through Rapides, LaSalle 
= gma Parishes, , earlier. Damage mostly to trees 
and roofs. 

Length of path unknown, may have crossed into Tennessee. 13 persons 
injured. 24 buildings destroyed, 2 damaged. 

Gales from Yokley yo yy 6 to Southport. Wires blown down; 
tobacco damaged when barns blown apart; church unroofed; and 8 to 
10 houses and barns dam ‘4 

First in series of 3 storms that struck between Bowdon and Cedartown. 
Moved northward over path approximately 2 miles long. Most 

age in farm section just beyond western limits of Bowdon. No 
injuries, 2 homes cote Seman: the upper floor of one practically 
demolished with furnishings scattered widely. Several s de- 
stroyed and several small houses damaged. Trees uprooted; some of 
which, in falling, injured livestock and tore down power lines. 2 
mules hurt and 50 or more chickens killed. Several bales of cotton 
blown away. ‘“‘Live’’ wires blown down across highway. Estimate 
includes $500 crop loss. 

Storm from southwest, cut diagonal path through Cedartown, barely 
missed the downtown area, and was quickly over. Worst storm ever 
to strike Cedartown. 4 residences and several other buildings de- 
stroyed; 70 buildings heavily damaged, with lesser damage to at least 
60 other buildings; many windows broken and signs, doors, etc. 
blown off. Considerable damage to power and telephone lines, 2 

rsons painfully injured, and several others sustained minor cuts and 


ee incomplete. Storm apparently less severe than at Bow- 
. 


on. 
2 men drowned when waves swamped boat. 
Lightning damaged a barn. 
Winds of near tornadic force destroyed a highway department garage 
and damaged road machinery stored therein. 


.| Short, intense thunderstorm with wind squalls reaching 40 m 


disrupted plane, train, and bus services. High wind and lightning 
aoe —_—— and trees, which pulled down light, power, and tele- 

one lines. 

Tree blown down in path of automobile; this car and following car 
crashed; 6 people injured. 

High winds, accompanying a maritime disturbance, reached an ex- 
treme velocity of 49 m. p. h. from southwest at Seattle. Considerable 
damage to small craft, harbor installations, and breakwaters in Straits 
of Juan de Fuca, extending from Neah Bay to Port Townsend. 2 
tugboats sunk in cunperts vely shallow water near Port Townsend 
and 1 off mouth of Columbia River; 6 lives lost. Important damage 
to telephone and power lines as far south as Seattle. Loss of the 3 
tugs not included in estimate. 

Damage to trees and roofs. 


7 buildings destroyed, 10 damaged. 1 personinjured. 200 school chil- 
dren escaped, when gymnasium pr 

Bus overturned after gusty winds for it off highway; driver injured. 

Several fairground buildings a. Many small farm buildings 
— and others lost roofs. v trees blown down in Cam- 

e. 

Several telephone poles broken and some trees uprooted in rural areas. 

8 large glass window es smashed in showroom, damaging new car. 

Rural school unroofed, outbuildings damaged, and trees uprooted. 


7 farms suffered considerable damage to homes and outbuildings. 


3 small airplanes damaged at Decatur Municipal Airport. 

Straight-line winds, reaching 62 m. p. h. in gusts at St. Louis Municipal 
Airport, caused minor damage in St. Louis area to trees, signs, wires, 
plate glass windows, and steeple ofachurch. At Martinsburg, a plate 

wen window blown out and 1 person slightly injured by flying glass. 
inds up to 81 m. p. h. blew down several trees and partially disrupted 
utility services. 


hs 5 sy ing, 5th. portion of State. Major damage at Searcy night of 4th when 2 hangars 

: destroyed and 9 planes damaged to extent of $30,000. $5,000 damage at 

¥ ’ Ra 5s [| 1 320,000 | EE) Developed near Alexandria and moved northeastward to vicinity of 
Be eh Vicksburg, Miss. Path about 120 miles long. Greatest damage at 

4:308.m......| 880] 0 25,000 | 

Miss. 

5 | 6:30a. m__.... 1] 100,000 

5 | 6:30-6:32p.m.| 0 

d 

13 | 3:30 p. m._-..- Wand 
13 | 5:30—6 p. Electrical and wind 

p. m. 

2 16 | 2:15 p. 15,000 |... 
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SEVERE LOCAL STORMS FOR NOVEMBER 1948—Continued 


severe local storms that occurred during the month. A revised list will appear in the Uni tates 
eteorological Y earbook] 


Place 


Date 


Time 


Width 
of path, 
yards 


‘oyed 


Character of storm 


Remarks 


Honolulu, Oahu, T. H------ 
Michigan, entire 


Franklin and Richland Pa- 
rishes, La. 


E. Felicians Parish, 


Louisiana, northeastern por- 
tion. 


Magnolia and southern Co- 
lumbia County, Ark. 
Caddo Parish, 
Lamar County, 
Alcorn County, 
Union County, 
Calhoun City, 
Lake Charles, 
Lauderdale County, Ala____- 


Kansas, western two-thirds__ 


South Dakota, southeastern 
portion. 


Iowa, northwestern portion - 


Minnesota, extreme south- 
western counties. 


Wisconsin, northern portion - 


Talbot County, 
Atlanta (near), Ga.......... 


Plains (near), Sumter Coun- 
ty, Ga. 


1 Miles instead of yards. 


16 
16 


17-18 


18—19 


18—20 


19 
19 


about 
midnight, 
18th. 


Noon 18th— 
noon 20th. 


12:30 a. m-_.... 
7:14-7:17 a. 


Noon of 19th— 
10 a m., 
20th. 


Snow, 
wind 


3 airplanes damaged at Chief City Airport. 

Granary, tool shed, and hog barn destroyed. Light and telephone lines 
disrupted. Trees downed; buildings and advertising - - damaged. 
9 persons injured in traffic accidents. Lightning struck radio tower 
of station WLIP at Kenosha, knocking out a coupling. 
drowned in Lake Butte des Morts. 

Chief damage upper Manoa and Palolo Valley areas; several bridges 
washed away. 

An intense “‘Low”’ moved across —— causing unusually high 
winds which damaged many trees, buildings, and curtailed for a time 
navigation on the Great Lakes. Communication and power facilities 


1 man 


damaged. Unusually low tides along some lake shores. 

High winds over entire State, with many reports of slight damage. 12 
a injured, mostly at Delhi. 
ag 


17 b destroyed, 15 dam- 


eastward to East Carroll Parish. Streams ed; some highways 
covered. Reported that Red River below Alexandria rose 12 feet on 
19th-20th. Remnants of cotton in fields — = 

Covered wide area during thunderstorm, from Magnolia south to Ar- 
kansas-Louisiana border. Damage mostly to roofs, outbuildings, 
trees, and utility lines, especially at Magnolia. 

Oil derricks on Caddo Lake demolished. 

8 buildings destroyed, 16 damaged. 2 persons injured. 

12 buildings damaged. 

6 buildings destroyed. 

Path about 30 mileslong. 25personsinjured. 55 buildings destroyed, 
60 damaged. 

Occurred just ahead of wind shift. Homes and garages damaged, trees 
uprooted. Gusts to 60 m. p. h. at Weather Bureau Office. 

1 cabin destroyed, 17 other dwellings damaged, and 23 other buildings 
damaged or destroyed. 

Winds of 60 m. p. h. with snowfalls of 4 to 10 inches. Visibility zero 
to 4 mile at times and drifts 6 to 20 feet deep. All traffic paralyzed 
and wire service disrupted. Most highways in a 19-county area 
closed 2 to 4 days and train service suspended from 48 to 72 hours and 
some branch lines out of operation for 10 days. Many automobiles 
stalled on highways. 5 percent of cattle and 25 to 40 percent of sheep 
lost in some areas, totalling altogether several million dollars. 

High winds drifted snow; averaged depth 4 to 15 inches: some drifts 15 
feet high. Temperatures around 25°. Traffic halted from 1 to 2 


days. 

Snowfalls of 8 to 20 inches over central and northeastern areas and smal- 
ler amounts elsewhere; driven by winds reaching gale force. High- 
ways west of Lincoln closed for a few days; blocked in northeast. 
Communication and power lines disrupted. Supplies could not get to 
numerous communities for 2 to 5 days. Livestock losses not serious, 
but a large loss of turkeys in Grand Island area and neighboring 
counties. Many persons marooned. Much interruption of air line, 
railroad, and bus services. Damage estimated in hundreds of thou- 
sands of dollars. 

——2 slick by 5 p. m., 18th. Early on 19th, heavy rain and some 
thunder followed by heavy sleet and strong north winds; then snow 
and blowing snow with temperatures slightly below freezing. Bliz- 
zard-like conditions afternoon of 19th blocked highways and stopped 
travel. Area affected in Iowa approximately north of a line from 
Sioux City to Storm Lake to Emmetsburg. 5 to 8 inches of snow in 
extreme northwest, with drifts of 4 to 6 feet. Strong winds and 
accumulation of ice caused many telephohe power lines to break. 
Many schools closed. 

Many poles and wires down, disrupting communication and electric 
services. Traffic seriously delayed by snow drifts. Some loss to 
livestock in transit. Large branches of trees broken off. Ice began 
to form about 1 a. m. of 19th and remained on wires in some localities 
until 28th. Thickness of ice on wires varies from Me to 1% inches in 
diameter; heaviest ice formation in vicinity of Windom. Most dam- 
age to overhead wires and trees by combined weight of ice and moist 
snow. Unusually heavy snows fell inextreme southwestern counties. 
A C&NW train reported snowbound about 12 hours near Adrian. 
More than 4,200 wire breaks occurred and more than 1,050 poles were 
down. Loss to overhead wire systems estimated at $100,000. 

Signs wrecked, damaging 2 buildings. 

Coal tipple at Frisco Railroad wharf wrecked, when it rolled to end of 
track and upset. Extreme wind of 22m. p. h. at Weather Bureau and 
gust of 44m. p. h. at Naval Air Station. 1 person injured. 

A northeast gale forced a 11,900 ton steamer aground in Superior harbor, 
damaging it considerably with several holes in ship’s side. Another 
vessel also grounded. amage to harbor at Bayfield amounted to 


1,000. 

Reports incomplete. Red Cross indicates that 2 ms injured, 2 
houses and a smaller building destroyed, and 5 buildings damaged. 
Struck Forest Park, a small community 1 miles southeast of Atlanta 
city limits. Very small area affected. Storm lifting soon after it 
struck, 2 tenant houses destroyed, 1 was carried 150 feet. Dairy barn 
unroofed and made unfit for service. Garage and several small barns 
destroyed. Trees uprooted or blown down. About one-fourth of 

damage was to crops. 

Struck about 144 miles north of Plains Community and moved north- 
eastward, 2 miles or more on ground. 1 house destroyed, with house- 
hold goods blown away. 3 widely my tenant houses destroyed. 
3 barns destroyed, including loss of 2 cows and 2 hogs and a large 
amount of peanuts. Automobile rolled over and wrecked. Many 
trees uprooted. 4injuries. About one-tenth of damage was to crops. 


=, 


Loss 4 
Wisconsin, southern portion. 5:30 1 15,000 | Wind and electrical. 
| Evening and 50,000 | 
early morn- at 
ing. 
18 | 6:30-7:30 a, m_. 150} 125,000 | 
18 | Wind and hail. 
18 | All Some of the heaviest rain of record in area from Rapides Parish north- 
18 | 10,000 | Wind. .............. 
18 | 90,000 | Thundersqualls..._. 
| 8:28 a. m. 18th 1 |_...........| Snow and wind... 
19th. 
and wind. 
Pensacola, ---------|------| 500,000 | Thundersquall...... 
| 
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SEVERE LOCAL STORMS FOR NOVEMBER 1948—Continued 


Meteorological Year 


A revised list will appear in the United States 


Width | Loss| Value of 
Place Date Time of path,; of — Character of storm Remarks 
yards | life troyed 
8t. Louis City and St. Louis Straight-line winds reaching 50 m. p. h. in gusts caused minor damage 
County, Mo. to signs, roofs, and a few farm fences. 

Green Bay, 2, 500 | Electrical. .......... Small home struck by lightning, partially burned. 

Fayette County, Ohio....... Damage about 4 miles north of Jeffersonville. Windows on one side of 
farm home blown in; barn on another farm destroyed and small 
buildings and fences damaged; also corn fodder scattered over wide 
area. 

Duluth-Superior, Minn...... Snow and wind-.--- 8. S. Robert Hobson, Great Lakes ore carrier, grounded in Duluth- 
Superior harbor. 8. 8. Wayne, an excursion vessel, blown about half 
mile from moorings at Duluth dock. Navigation on Lake Superior 
impeded and many vessels held in port. 

Ridgeway, 8. C.......-....- Man seriously injured when home destroyed. 3 nearby barns and 
several smaller buildings burned down. 

7A + Spang power service at Cassville and vicinity for about 6 hours. 
th. 

iy Davis, Macon County, 28 | Late forenoon_|.........}.....- 5,000 | Thundersqualls--.---. 6 cabins blown down, injuring 4 persons. 

ver (iets of), Ha- 28-30 SO ae Crops damaged; loss to lettuce growers estimated over $20,000. 

. 


: 
a 
4 
4 * 
¥ 
18 
17 
2g 
3 
11. 
Meu 14. 
16. 
far 18. 
19. 
21. 
26. 
28. 
30. 
: I 
. 
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Explanation of Tables 1 and 2 and references to descrip- 
tions of instruments, stations, and methods of observation, 
and to summaries of data, are given in the Monruiy 
Weatuer Review, vol. 72, No. 1, January 1944, p. 43. 
A list of pyrheliometric stations is given on page 45 of 
that issue. An explanation of the formula used in com- 
puting the air mass values for each station listed in Table 
1 appears in vol. 75, No. 3, March 1947, p. 47. 

eginning with this issue, values of total solar and sky 
radiation received on a horizontal surface at Inyokern 
California, will appear regularly in Table 2. Mr. dward 
V. Ashburn of the Astrophysical Section, U. S. Naval 
Ordnance Test Station at yen: Ba has furnished the 
following data concerning the station: 
The solar radiation station on the Naval Ordnance 
Test Station, Inyokern, China Lake, California, is 
at Longitude 117°40’ E., Latitude 35°39’ N. The 
pyrheliometer is mounted on the south elevator 
tower of Michelson Laboratory. There are no ad- 
jacent obstructions but the distant mountains 
average about 1° above the horizon. Michelson 
Laboratory is in the Indian Wells Valley about 
fifteen miles east of the Sierra Nevada range. The 
adjacent residential area occasionally produces no- 
ticeable smoke and haze during the winter months 
but usually the air is remarkably clear and dry. 
An Eppley 50-junction pyrheliometer Serial No. 
1620 is used with a Brown continuous recording 
potentiometer. 


TaBLzE 1.—Solar radiation intensiiies during November 1948 
[Gram calories per minute per square centimeter of normal surface] 


Sun’s zenith distance 
Vapor 
pressure 
Date A.M. P.M. 
7:30 | 1:30 
78. 7° | 75. 7° | 70. 7° | 60. 0° 60. 0° | 70. 7° | 75. 7° | 78. 7° a.m.)|p. m.! 
MADISON, WIS. 
Air mass 
4.81 | 3.84 | 2.88 | 1.92 | 1.92 | 2.88 | 3.84 | 4.81 
November cal. | cal. | cal. | cal. | cel. cal. | cal. | mb. | mb. 
0. 52 | 0.64} 0.75 | 0.95 | 1.20 7.8 12.7 
Departures..|—.09 |—.09 |—.14 |—.35 |—. 16 
BLUE HILL, MASS. 
Air mass ‘ 
4.86 | 3.89 | 2.92 | 1.94 | *0.97/ 1.94 | 2.92 | 3.89 | 4.86 
November cal. | cal. | cal. | cal. | cal. | cal. | cal. | cal. | ca mb. | mb. 
ea 0.84 | 0.97 | 1.10 | 1.29 }..---- 1.35 | 1.22] 1.10] LOl 5.3 6.4 
. 85 1. 6.6 5.8 
1.00 6.9 4.6 
. 99 5 3.9 3.8 
.74 5.2 5.4 
. 94 6.1 5.2 
. 83 5.1 6.5 
. 69 7.3 6.4 
5.9 6.9 
5.0 5.2 
3.8 5.7 


See footnotes at end of table 


MONTHLY WEATHER REVIEW 
SOLAR RADIATION DATA FOR NOVEMBER 1948 


[Solar Radiation Investigation Section, I. F. Hanp, in Charge] 


TaBLeE 1.—Solar radiation intensities during November 1948—Con. 
{Gram calories per minute per square centimeter of normal surface] 


Sun’s zenith distance 
Vapor 
pressure 
Date A.M. P.M. 
0.0° 
7:30 | 1:30 
78.7° | 75.7° |70.7° |60.0° 60.0° | 70.7° | 75.7° | 78.7° a.m.'\p, m.! 
BOSTON, MASS. 
Air mass 
4.96 | 3.96 | 2.97 | 1.98 | 0.99) 1.98 | 2.97 | 3.96 | 4.96 
November cal, . | cal. | cal. | cal. mb. 


Air mass 


8 


2k 


LINCOLN, NEBR. 


Air mass 


4.77 | 3.81 | 2.86 | 1.91 |*0.95 | 1.91 | 2.86 | 3.81 | 4.77 


TABLE MOUNTAIN, CALIF. 


Air mass 


3.76 | 3.01 | 2.26 | 1.51 |*0.75 | 1.51 | 2.26 | 3.01 | 3.76 


Note.—Figures in parenthesis are interpolated. 


*Extrapolated. 
175th Meridian Time. 


4 
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We 
| | | | | | | 
CLIMAX, COLORADO 
November | cal. | cal. | cal. | cal, | eal. | cal. | cal. cal. | mb. | mb. 1 ee 
1.30 | 1.30 | 1.46 | 1.68 1.57 | 1.44 
144 | 1.49 | 1.36 | 1.16 | 1.00 
1.35 | 1.42 | 4.61 1.47} 1.41 | 1.29] 1.19 
Departures_.|+. 14 |+.02 |—.01 |—.02 |4+.02 |4+.01 
November | cat. | cal. | cat. | cat. | cat. | cat, | cat. | cat. | cat. | mb. | mb. a 
6........------| 0.94 | 1.07 | 1.18 | 1.34 1.34] 1.16] 1.05| 0.904) 5.3 5.8 
Means. (0.88)| 0.97 | 1.14 | 1.31 | 1.12] 1.00] 0.87 
Departures._|—.01 |—. 04 | —. 02 |—. 06 |......|—.02 |—.05 |—. 02 |—. 04 
November | cal. | cal. | cal. | cal. | cal. | cal. | cal. | cal. | cal. | mb. | mb. Sa es 
Departures..|+-. 02 |+.01 |+.02 .00 
Means......| .88| .99| 1.07 1.31] 1.17] 104] .93 
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TaBLE 2.—Daily totals and weekly means of solar radiation (direct + diffuse) received on a horizontal surface 
[Gram-calories per square c)ntimeter] 


3 = jee] 

~ FI 2 5 2 
.| 158] 230) 248 306; 232) 173} 102} 262} 270) 270) 274| 304) 319 304) 414 133} 394 
194; 133] 334) 290) 194) 252} 242/..... 302} 330) 295) 311} 240) 234) 258) 350 559) 482) 282} 251 
218} 337) 246 245; 245) 358) 355) 270) 296) 302) 190) 177) 134 264 493 388 
243; 60) 186 268} 32) ....| 308] 322] 253) 197) 230) 332) 123] 60 245 295 375) 385 
48} 292) 185 52} 302) 80)....-. 340} 321) 305 209) 158) 28) 192 288 465 178) 366 
42} 232) 48 42} 190) 142).._.. lll 216) 207) 82) 64) 25) 360 202 444 366 
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ACCUMULATED DEPARTURES ON DECEMBER 2, 1948 


TaBLE 3.—Daily totals and weekly means of solar and sky radiation plus the radiation reflected from the ground, as received on a vertical surface 
facing south at Blue Hill, Mass., during November 1948 
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